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Abstract 
This research study investigates the performance of an updraft gasifier for a water pump powered by a small engine. The main 
components of the system are a 0.0793 m3 updraft gasifier, a cooling coil tube, a 0.050 m3 gas tank and a gas mixer. The 
proposed gasifier system is modified to prevent corrosion by covering the inside of the steel gasifier cover with fireproof cement.  
A HONDA GX120 gasoline engine and a water pump (MOKRO MK39 model) are used. Dried wood (5 kg), charcoal (5 kg) and 
gasoline are fuels in the experiments.  The experiments are to identify a suitable fuel used with and without the gasifier in terms 
of the shortest time required to pump 5-liter water from a suction tank to a discharge tank with a water head of 13 m. The engine 
speed to drive the water pump is maintained at approximately 2500 rpm.  The engine speeds, the lengths of time to pump out 5-
liter water and the fuel consumption are observed and documented. The flow rates of the dried wood, charcoal and gasoline under 
study are respectively 0.000134±2.4x 10-6, 0.000130±4.21 x 10-7 and 0.00017±4.22 x10-7 m3/s, while their respective power of 
fluid flow are 17.1±0.35, 16.7±0.54 and 22.01±0.05 W. Their specific energy consumption levels are 0.45±0.0081, 
0.46±0.0151and 0.0180±0.000045MJ/liter, respectively. 
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1. INTRODUCTION 
Due to inefficient irrigation systems, many farmers today are presented with limited choices with regard to 
irrigation for agricultural use. They are forced to rely upon themselves to pump water into their fields and plantations 
while the fuel prices to run the water pumps continue to rise, thereby making it very costly for the farmers to grow 
crops [5]. It is thus important to find alternative energy sources to the fossil fuels and one possible source is the 
energy from biomass, e.g. wood, rice husk, sawdust, charcoal. According to [2, 3, and 4], the gasification of biomass 
is complicated and induces incomplete combustion. It produces N2, carbon monoxide (CO), hydrogen (H2) and 
methane (CO4) charcoal, tar and vapor, depending on biomass type. In this research work, the preparation of 
biomass for gasification comprises four stages: the drying, pyrolysis, accombustion and reduction stages. Solid fuel 
gasifiers can be classified by gasifier furnace bed into two main systems: (1) the fixed bed system which consists of 
the updraft gasifier, downdraft gasifier and cross-draft gasifier [2]. Specifically, the updraft gasifier fixed bed system 
directs a gas fuel through biomass to the top. The temperature inside the updraft gasifier is in the range of500 - 
900ƕC; and (2) the moving bed system which operates on the principle of fluidized bed.  
 
    The aims of this research work are to develop an updraft gasifier and to examine the performance of three 
different fuels in terms of time required to pump water to the discharge tank with a 13-meter water head. A small gas 
engine powered with three subsequent fuel types is used to drive and control the speed of the water pump. 
 
Nomenclature 
P Power in fluid flow 
J  Specific weight 
Q  Flow rate 
h energy head 
SEC Specific energy consumption 
fQ  Heat value 
mf amount of fuel 
HHV heating value 
 
2. EXPERIMENT 
2.1. Experimental unit 
Figure 1 illustrates the updraft gasifier system for a water pump powered by a small engine. The proposed system 
consists of: a 0.0793 m3 updraft gasifier, a speed-adjustable blower, a gas test valve, a gasifier cover, a fuel inlet,  a 
cooling coil tube, a 0.050 m3 gas tank, an engine gas valve, a gas mixer, a HONDA GX120 gasoline engine with a 
2.5-inch pulley, a MOKRO MK39 water pump with a 9.5-inch pulley and a 0.055 m3 water suction tank. The 
proposed gasifier system is modified to prevent corrosion by covering the inside of the steel gasifier cover with 
fireproof cement. Another modification was made to the gas mixer by replacing a gasoline vapor tube of the engine 
carburetor with a gas tube and installing an air valve between the carburetor and the air filter. 
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Fig. 1 The schematic of the proposed updraft system to power a small engine for water pumping 
2.2. Materials   
The experiments are carried out with three fuel types, i.e. 5 kg of dried wood, 5 kg of wood charcoal and 
gasoline, and the fuel consumption levels are observed and documented. The dried wood is of the Terminalia 
catappa Linn variety, which has the heating value of 29.45 ML/kg [6]. The wood charcoal is of eucalyptus wood 
made by burning in a 200-liter charcoal kiln [1]. The heating value of the wood charcoal is approximately 29.16 
ML/kg [7]. Meanwhile, the heating value of gasoline is 34.52 ML/liter [8]. 
 
2.3. Experiment   
The experiments are conducted with three fuels to identify the fuel that needs the minimal length of time to fill 
the discharge tank with 5 liters of water. In case of dried wood, the experiment starts with filling up the gasifier with 
5 kg of dried wood.  A hot air is blown into the gasifier to burn the dried wood.  The inside temperature is controlled 
by the amount of hot air inlet which is in turn regulated by the blower speed. Figure 2(a) presents a flame at the fuel 
inlet by igniting a gas yield with a lighter for visualization. Gas yield quantity is verified at the gas test valve and the 
gas valve as shown in Figure 2 (b) and (c). A hose connects the gas valve to the HONDA GX120 engine to transport 
gas from the gasifier.  The engine drives the MOKRO MK39 water pump to pump water from a suction tank to a 
discharge tank with a 13-meter water head. The engine speed is maintained at approximately 2500 rpm.  The engine 
speed data are measured with a digital tachometer (DT-240P), while the amount of water in the discharge tank and 
the fuel consumption are observed and recorded every 5 minutes. The same process is repeated with charcoal fuel.  
In the case of gasoline, the fuel is readily used to run the engine and drive the water pump. The flow rates, engine 
speeds, and specific fuel consumption levels of the three fuels are compared and presented. 
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                                            (a) At the fuel inlet                                                                                      (b) At the gas test valve 
 
(c) At the gas valve 
 
Fig. 2 Visualizations of gas yield product by ignition: (a) at the fuel inlet, (b) at the gas test valve, and (c) at the gas valve. 
2.4. Theoretical considerations 
2.4.1 Power in fluid flow (P) 
  The power in fluid flow can be calculated as follows: 
 
                  hQP J                                     (1) 
 
where  J  is the specific weight 
          Q  is the flow rate 
            h is the energy head.  
 
2.4.2 Specific energy consumption (SEC) 
  The specific energy consumption can be determined using 
 
                      
watertotal
fQSEC                          (2) 
      HHVff mQ                   (3)  
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where  fQ is the heat value, total water is the amount of water in the supply tank,  fm  is the amount of fuel, and  
HHV is the heating value. 
3. RESULTS AND DISCUSSION  
The shortest time to transport 5 liters of water to the discharge tank of a 13-meter water head is 28.9±0.07 sec. 
achieved with gasoline fuel, followed by gases from the gasification of dried wood (38.2±1.24 sec.) and charcoal 
(37.2±0.66 sec.). The total water pumped to the discharge tank in a period of 40 minutes using the dried wood fuel is 
322.58±5.79 liters, while those using charcoal and gasoline are 314.28±10.12 and 414.27±1.01 liters, respectively. 
The maximum engine speeds achieved with gasoline, dried wood and charcoal are 2235±156.76, 2133±201 and 
2500 rpm, respectively.  
Figure 3 compares the engine speeds achieved with three fuel types relative to time. The engine speeds of the gas 
products from the gasification of dried wood and charcoal decrease with time. The decrease of engine speed 
lengthens the pumping time to fill up the discharge tank.  
Table 1 summarizes the performance data achieved with the three fuel types, i.e. dried wood, charcoal and 
gasoline. The gas flow rates of the dried wood, charcoal and gasoline are 0.000134±2.4x10-6, 0.000130±4.21x10-7, 
and 0.00017±4.22x10-7 m3/s, respectively, while their respective power of fluid flow values are 17.1±0.35, 
16.7±0.54, and 22.01±0.05 watts. The specific energy consumption levels are respectively 0.45±0.0081, 
0.46±0.0151, and 0.0180±0.000045 MJ/liter.  
The engine speed data of three fuels was are observed and documented every 5 minutes for a period of 40 minutes 
each. The total water output using charcoal fuel is lowest (314.28±10.12 liters) and that using gasoline is highest 
(414.27±1.01 liters), followed by dried wood fuel (322.58±5.79 liters). The findings are attributable to the lower 
heating value of charcoal than those of dried wood and gasoline.  Figure 4 illustrates the amounts of water filled 
measured every 5 minutes for a period of 40 minutes achieved with three fuel types. The amounts of water 
transported achieved with gasoline fuel every 5 minutes and at the end of the 40-minute period are greatest of the 
three fuel types. This finding is probably attributed to a constant speed produced by the gasoline-run engine even 
with changes in load. On the contrary, a drop in engine speed occurs with the engine run on either charcoal or dried 
wood whenever there is a change in load. 
 
Fig. 3 The comparison of engine speeds achieved with three fuel types relative to time 
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Fig. 4 The comparison of time to filling water in discharge tank during 40 min. with three fuel types relative to time 
 
                                                    Table 1: The performance data achieved with three fuel types 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
4. CONCLUSIONS 
   This research paper proposes an updraft gasifier system to drive a water pump. Dried wood, charcoal and gasoline 
are fuels used in the study; however, only the first two (i.e. dried wood and charcoal) are gasified. The experiment is 
to transport 5 liters of water to a discharge tank of a 13-meter water head to identify the fuel type (of the three) with 
the shortest pumping time.  The engine speed is maintained at approximately 2500 rpm.  The gas flow rates of the 
dried wood, charcoal and gasoline are 0.000134±2.4x10-6, 0.000130±4.21x10-7, and 0.00017±4.22 x10-7m3/s, 
respectively, while their respective power of fluid flow rates are 17.1±0.35, 16.7±0.54, and 22.01±0.05 watts. The 
specific energy consumption levels are respectively 0.45±0.0081, 0.46±0.0151, and 0.0180±0.000045 MJ/liter. 
Gasoline produces the highest engine speed (2500 rpm) and requires shortest water-filling time (28.9 sec.), which is 
attributable to the highest heating value of gasoline among the three fuel types under study. 
 
Variables 
 
Unit 
 
Gasoline 
 
Charcoal 
 
Dried wood 
 
Flow rate (m3/s) 0.00017± 4.22x10-7 
0.000130± 
4.21x10-7 
0.000134± 
2.4x10-6 
Energy head (m) 13 13 13 
Engine speed (rpm) 2427±48 2133±201 2236±156 
Time for filling 
discharge tank 
with 5 liters of 
water 
(s) 28.9±0.07 38.2±1.24 37.2±0.66 
Power of fluid 
flow (W) 22.01±0.05 16.7±0.54 17.1±0.35 
Total amount of 
water transported 
in 40 minutes 
(liter) 414.27±1.01 314.28±10.12 322.58±5.79 
HHV (MJ/kg) 34.525 29.16 29.45 
Fuel consumption (kg, MJ) 0.19, 7.46 5, 145.8 5, 147.25 
SEC MJ/kg 0.0180± 0.000045 
0.46±0.0151 
 
0.45±0.0081 
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